Background. There is limited information about the outcomes of patients commencing peritoneal dialysis (PD) after failed kidney transplantation. The aim of the present study was to compare patient survival, death-censored technique survival and peritonitis-free survival between patients initiating PD after failed renal allografts and those after failed native kidneys. Methods. The study included all patients from the ANZDATA Registry who started PD between April 1, 1991 and March 31, 2004. Times to death, deathcensored technique failure and first peritonitis episode were examined by multivariate Cox proportional hazards models. For all outcomes, conditional risk set models were utilized for the multiple failure data, and analyses were stratified by failure order. Standard errors were calculated by using robust variance estimation for the cluster-correlated data. Results. In total, 13 947 episodes of PD were recorded in 23 579 person-years. Of these, 309 PD episodes were started after allograft failure. Compared with PD patients who had never undergone kidney transplantation, those with failed renal allografts were more likely to be younger, Caucasian, New Zealand residents and life-long non-smokers with lower body mass index (BMI), poorer initial renal function and a longer period from commencement of the first renal replacement therapy to PD. On multivariate analysis, PD patients with failed kidney transplants had comparable patient mortality [weighted hazards ratio (HR) 1.09, 95% confidence interval (CI) 0.81-1.45, P ¼ 0.582], death-censored technique failure (adjusted HR 0.91, 95% CI 0.75-1.10, P ¼ 0.315) and peritonitis-free survival (adjusted HR 0.92, 95% CI 0.72-1.16, P ¼ 0.444) with those PD patients who had failed native kidneys. Similar findings were observed in a subset of patients (n ¼ 5496) for whom peritoneal transport status was known and included in the models as a covariate. Conclusion. Patients commencing PD after renal allograft failure experienced outcomes comparable with those with failed native kidneys. PD appears to be a viable option for patients with failed kidney allografts.
Introduction
Although efforts are being made to improve the longterm survival of renal allografts, the success of kidney transplantation is limited by a finite half-life. In 2003, 196 kidney transplant recipients returned to dialysis following loss of functioning grafts in Australia and New Zealand [1] . In the USA, $20% of all the patients waiting for kidney transplantation had a previously failed transplant [2] . As the number of people with a functioning transplant is increasing, it is expected that the proportion of patients returning to dialysis after failed grafts would increase commensurately.
It has previously been observed that patients returning to dialysis after graft failure are at increased risk of death after graft loss [3] and constitute a unique group with specific risk factors, including a longer duration of end-stage renal disease (ESRD), concomitant immunosuppression and possibly more rapid loss of residual renal function [4, 5] . More importantly, the optimal modality of dialysis for these patients is not yet clearly defined. Three previous studies involving small numbers of patients have reported conflicting findings regarding whether patients with failed renal allografts experience comparable [5, 6] or worse [4] outcomes on peritoneal dialysis (PD) compared with individuals with failed native kidneys. However, these investigations were limited by small sample sizes ( 42 subjects), inadequate statistical adjustment for differences in baseline characteristics and restriction to single-centre observations.
The aim of the present study was to compare patient survival, death-censored technique survival and peritonitis-free survival in patients initiating PD after failed allografts vs native kidneys, using data from the Australia and New Zealand Dialysis and Transplant (ANZDATA) Registry.
Materials and methods

Study population
The ANZDATA Registry collects information every 6 months from all renal units throughout Australia and New Zealand, concerning all patients receiving chronic renal replacement therapy (RRT). Complete details of the structure and methods of the ANZDATA Registry have been reported elsewhere [7] . In summary, the collection is complete from the first RRT procedure in Australasia in 1963 and includes all patients from all renal units in both countries. The data collected consist of information on the underlying cause of ESRD, demographic details, a limited range of co-morbidities (the presence of coronary artery disease, peripheral vascular disease, cerebrovascular disease, chronic lung disease, diabetes, hypertension and smoking), the type and dose of dialysis treatment, details about kidney transplantation and, from April 1, 1991, measurements of height and dialysateplasma creatinine ratio at 4 h (D-P Cr 4h). Peritoneal equilibration tests (PETs) were requested to be performed at least 4 weeks apart from any peritonitis episodes for all patients after April 1, 1991.
The present study included all 13 947 episodes of PD in all 11 979 patients in the ANZDATA registry, who started an episode of PD treatment for ESRD between April 1, 1991 and March 31, 2004. For this study, PD included continuous ambulatory PD, automated PD using cyclers and tidal PD. Height and weight records were available for 13 666 episodes (98%) to calculate body mass index (BMI). BMI was calculated from the quotient of the weight and the square of the height at the commencement of RRT and was analysed as a continuous variable. Peritoneal transport status was analysed as a categorical variable according to the four groupings of D-P Cr 4h values defined by Twardowski et al.
(low, <0.50; low average, 0.50-0.64; high average, 0.65-0.80; and high, !0.81) [8] . In adults, the estimated glomerular filtration rate (eGFR) at the time of initiation of PD was calculated by using the abbreviated (four variable) MDRD formula [eGFR (ml/min/1.73 m 2 ) ¼ 186 Â (serum creatinine in mg/dl) À1.154 Â (age) À0.203 Â (0.742 if female) Â (1.210 if African-American)]. In children, the eGFR was calculated by using the Schwartz equation [eGFR (ml/min) ¼ K Â height in cm/serum creatinine in mg/dl; K varies with age and gender (0.33 pre-term infants; 0.45 full-term infants; 0.55 both sexes 2-12 years; 0.55 girls 13-21 years; 0.70 boys 13-21 years)]. For patients with failed native kidneys, the duration of ESRD prior to PD was defined as the total duration of dialysis (PD and haemodialysis) before commencement of the current episode of PD. For the patients in the failed allograft group, the duration of ESRD prior to post-transplant PD was calculated by adding the total duration of dialysis (PD and haemodialysis) before transplantation to the duration of any dialysis between loss of the allograft and starting PD. If the patient had received a pre-emptive kidney transplant, the pre-transplant duration of ESRD was assigned zero time. The duration of ESRD before starting PD was expressed in months and was analysed as a continuous variable.
The outcomes examined were patient death, technique failure and occurrence of the first episode of peritonitis. If a patient died within 60 days after transfer to haemodialysis, then the death was attributed to PD, because such early deaths were considered to reflect the health status of patients during the period of failing PD therapy. In contrast, deaths that occurred in <60 days after cessation of PD due to renal transplantation were not attributed to PD, and such episodes were censored at the end of PD treatment. Death-censored technique failure was defined as a transfer from PD to haemodialysis for >1 month and was examined without counting death during treatment as a failure. The date of the first episode of peritonitis was recorded in all patients. For these three outcomes, survival time was calculated from the date of commencement of each PD episode to the date of death, transfer to haemodialysis, occurrence of first episode of peritonitis, transplantation, loss to follow-up or March 31, 2004.
Statistical analysis
Results were expressed as frequencies and percentages for categorical variables, mean±SD for continuous variables, and median and interquartile range for non-parametric data. The patients were divided into two groups, (i) with failed native kidneys (non-Tx group); and (ii) with failed allografts (fTx group). Distributions of categorical variables across the two groups were compared by means of 2 test, continuous variables by t-test if parametric, and Mann-Whitney test if non-parametric. Multivariate Cox proportional hazards models with backward stepwise elimination processes utilizing the likelihood ratio test were used to determine independent predictors of survival outcomes. The covariates included in the Cox models were failed allograft or native kidneys, gender, age, race, coronary artery disease, peripheral vascular disease, cerebrovascular disease, chronic lung disease, diabetes mellitus, smoking, BMI (continuous variable), time from commencement of first RRT to the first episode of PD in months (continuous variable) and country of residence. In contrast to our previous analyses where BMI was used as a categorical variable, in the present study BMI was used as continuous variable so that Cox proportional hazards assumptions were met. The effect of duration of a functioning allograft on subsequent PD outcomes was also examined. For all outcomes examined, we utilized the conditional risk set model for the multiple failure data, and analysis was stratified by failure order according to the episode number [9] . Standard errors were calculated by using robust variance estimation for the cluster-correlated PD following allograft failure 777 data [10, 11] . Proportional hazards assumptions were checked by Schoenfeld residuals and scaled Schoenfeld residuals, examined by formal hypothesis test and graphically. Firstorder interaction terms between the significant covariates were examined for all models. Where interaction terms were significant, weighted hazard ratios (HRs; following stratification by the significant interaction term) are given. When there were no significant first-order interactions, adjusted HRs are given.
The primary analysis examined all the above covariates and included all 13 947 episodes of PD recorded in the Registry. Henceforth, this primary model is referred to as 'model A'. In view of the possible importance of D-P Cr 4h with respect to influencing PD outcomes, a secondary analysis was performed which included this covariate. This secondary analysis included 5496 episodes of PD. Henceforth, this secondary model is referred to as 'model B'. An alternative analysis was performed by adding the continuous covariate eGFR in model B (complete data available in 4893 subjects). Since the alternative analysis (data not shown) did not alter the results of model B, it was not considered for final presentation. P-values <0.05 were considered statistically significant. Statistical analyses were performed using Stata 8.0 (College Station, TX) statistical software.
Results
Patient characteristics
Between April 1, 1991 and March 31, 2004, a total of 11 979 patients commenced PD, of whom 1617 patients had more than one episode of PD recorded in the Registry. Thus, a total of 13 947 episodes of PD were recorded over 23 579 person-years of follow-up. Of these, 309 episodes (2.2%) were started after allograft failure. As expected, the two groups, namely native kidney failure (non-Tx group) and allograft failure (fTx group), were different in many aspects ( Table 1) . The patients in the fTx group were more likely to be younger (37.6±16.6 vs 57±16. On univariate analysis of model B, peritoneal transport status was additionally found to be associated with mortality; specifically, high average and high transporter statuses were associated with increased mortality.
In the multivariate analyses of model A, the patients in the fTx group had mortality comparable with those in the non-Tx group (weighted HR 1.09, 95% CI 0.81-1.45, P ¼ 0.582) ( Table 2) . Mortality was independently associated with Aboriginal and Torres Strait Islander racial origin, residence in New Zealand, coronary artery disease, peripheral vascular disease, cerebrovascular disease, chronic lung disease and greater length of time between the first RRT and commencement of PD. A significant first-order interaction was observed between age and diabetes, and, when these groups were analysed separately, the older and diabetic patients had worse survival than the younger and non-diabetic ones.
When multivariate analysis of model B was performed by adding D-P Cr 4h, the fTx group was still found to have a mortality that was not significantly different from the non-Tx group (adjusted HR 1.32, 95% CI 0.76-2.31, P ¼ 0.328) ( Table 2 ). High transporters and BMI were both independently associated with increased mortality. However, a number of covariates associated with mortality in model A were no longer found to be significant following the inclusion of D-P Cr 4h in model B (including miscellaneous racial origin, chronic lung disease and cerebrovascular disease). Significant interaction was also noted between age and diabetes in model B (data not shown).
Death-censored technique survival
The patients from the fTx group experienced a higher death-censored technique failure rate (28.9 per 100 person-years, 95% CI 24.2-34.2) than those in the nonTx group (24.1 per 100 person-years, 95% CI 23.5-24.8, Torres Strait Islander racial origin, chronic lung disease and higher BMI. In model B, high peritoneal transport status was additionally associated with poor technique survival, whereas male gender and chronic lung disease were not.
Peritonitis-free survival
Median time to the first peritonitis in the fTx group was longer than in the non-Tx group [20.4 months (95% CI 13. After adjusting for all other covariates in multivariate Cox proportional hazard model A, the patients from the fTx group had a peritonitis-free survival comparable with those in the non-Tx group (adjusted HR 0.93, 95% CI 0.73-1.18, P ¼ 0.544; Table 4 ). There were no significant first-order interactions. Poorer peritonitis-free survival was independently associated with Aboriginal and Torres Strait Islander racial origin, Maori and Pacific Islander racial origin, coronary artery disease, cerebrovascular disease, diabetes and BMI. The patients of Asian and miscellaneous racial origins had better peritonitis-free survival. On multivariate analysis of model B, fTx was again not independently associated with peritonitisfree survival (adjusted HR 0.88, 95% CI 0.60-1.30, P ¼ 0.520; Table 4 ). Poorer peritonitis-free survival was independently associated with high peritoneal membrane transport status, current smoking status and age.
Discussion
The present study demonstrates that patients starting PD after renal allograft failure have mortality, death-censored technique and peritonitis-free survival comparable with patients commencing PD following native graft failure, once adjustments are made for differences in baseline characteristics. To our knowledge, this investigation is the first, large-scale, multicentre comparison of PD outcomes between patients with failed kidney transplants and those with failed native kidneys.
Our findings are similar to those of two previous smaller, single-centre studies [5, 6] . Duman et al. [6] reported that previous renal transplantation did not significantly adversely affect patient and technique survival in 116 prevalent PD patients (34 failed allografts, 82 failed native kidneys). Although the failed transplant group did experience a higher frequency of peritonitis episodes, these results were questionable in view of the study's retrospective design (thereby potentially introducing recall bias), use of prevalent patients (thereby potentially introducing informative censoring bias) and lack of statistical adjustment for differences in baseline characteristics between the two groups. Davies [5] similarly demonstrated in a prospective, single-centre study of 28 PD subjects with failed allografts that patient and technique survival rates were not significantly different from those of 469 incident PD patients with failed native kidneys following multivariate Cox proportional hazards model analysis. Peritonitis-free survival was not examined and the sample size was too small to exclude a type 2 statistical error with confidence.
In contrast, Sasal and associates [4] noted significantly worse survival, technique survival and peritonitis rates in 42 PD patients with failed renal allografts compared with a randomly selected cohort of 43 nevertransplanted PD patients matched for age and the presence of diabetes. These findings may represent confounding, because all statistical analyses were univariate and the results were therefore unadjusted for differences in baseline characteristics (other than age and diabetes). Moreover, the vintage of the cohort (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) may not have been generalizable to contemporary PD practice. Recently, Guo and co-workers [12] have reported better 1-, 2-and 3-year survival in patients with failed grafts on PD, when compared with the patients who were new to dialysis in the USA. In this study, the groups were not adjusted for age and co-morbid conditions.
The obvious confounder in the present study was the duration of ESRD before starting PD, as the patients returning to dialysis after allograft failure are likely to have been on dialysis prior to transplantation. Similarly, not all the patients commencing PD after native kidney failure started PD as their first renal replacement therapy option. However, when the duration of ESRD was adjusted for in the multivariate analyses, the survival outcomes were not significantly different between the two groups. Interestingly, it was found that a longer duration of ESRD before commencing PD (i.e. a longer duration between first RRT of any type and starting PD) was also associated with increased mortality (adjusted HR 1.02, P<0.01). In contrast, the duration of renal allograft function did not appear to impact significantly on subsequent PD outcomes in this study. Whether grafts functioned for <6 months, between 6 and 24 months or for >24 months, no significant differences were observed for patient mortality or death-censored technique failure on either univariate or multivariate analyses.
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Earlier studies have also shown that PD patients with high transport status are more prone to faster loss of residual renal function, development of ultrafiltration failure and mortality [13] [14] [15] [16] . Hence, we performed a secondary analysis on 5496 PD episodes where D-P Cr 4h measurements were available. High peritoneal membrane transport status was consistently associated with increased patient mortality, technique failure and shorter time to first peritonitis. However, the inclusion of D-P Cr 4h in the multivariate Cox proportional hazards model did not alter the principal findings of our study that patient, technique and peritonitis-free survival were not significantly different between PD patients with failed allografts and those that had never been transplanted.
The strengths of this study lie in its large sample size and the rigorousness and the robustness of the statistical analyses performed. Owing to the coverage of the ANZDATA registry, we were able to analyse the outcomes of relatively large numbers of PD patients both with and without failed renal transplants. Since we included all centres across both countries, we could avoid the bias associated with reports from single centres, which may have had particular interest and expertise in PD that may influence outcome. There were 1617 patients with more than one episode of PD. To analyse such cluster-correlated and multiple failure data, we used the conditional risk set model and robust variance estimator. Thus, not only all the patients but also all the PD episodes recorded in the Registry were included in the study. The patients in the posttransplant group were significantly different in most of the characteristics; hence, all of these characteristics were adjusted for in the multivariate Cox proportional hazards models. D-P Cr 4h data were available in only 39.3% of patients. This subgroup of patients had different demographic features from the rest of the population. Hence, instead of extrapolating results from this subset to a larger population, we decided to analyse this subgroup of patients separately and found that it did not alter the conclusions drawn in this study. Our cohort also consisted solely of incident patients, thereby avoiding the potentially confounding factor of survivor bias associated with prevalent population studies.
Nevertheless, the study also had a number of limitations. The pattern and effect of loss of residual renal function in post-transplant patients on the various outcomes were not studied. Also, the dose and duration of continued immunosuppression after commencing dialysis, dose of dialysis and the centresize effect were not taken into consideration. We have not studied the outcomes between the patients with failed graft commencing haemodialysis and PD. This may be particularly important if the selection of dialysis modality differs between patients with and without failed renal allografts. Registry data also represent a compromise between the extent and depth of coverage. This was particularly apparent in the reporting of peritonitis where we were unable to ascertain the nature or detailed outcome of individual episodes of peritonitis. Thus, a serious episode of complicated peritonitis is treated in the same fashion as a quickly resolved issue, which has little impact on long-term outcome. While we were able to adjust for reported co-morbidities on a categorical basis, ANZDATA does not collect information about the severity of co-morbidities, such that it is difficult to exclude entirely the possibility of residual confounding. Finally, since the differences in age and other reported co-morbidities were extremely large, it is possible that even after statistical adjustment there still remains a difference in these baseline characteristics.
In conclusion, the results of our study show that patients commencing PD after allograft failure experience patient survival, death-censored technique survival and peritonitis-free survival comparable with those with native kidney failure. The mortality is determined predominantly by age and co-morbid conditions. PD appears to be a safe and viable option for the patients returning to dialysis after failed graft.
